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(54) ELECTROMAGNETIC WAVE GENERATING DEVICE, SEMICONDUCTOR MANUFACTURING DEVICE 
USING THE SAME, AND SEMICONDUCTOR DEVICE MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To supply particulates to an irradiating 
position of exciting laser beam with a sufficient density. 
SOLUTION: The electromagnetic wave generating device is structured 
so that an exciting energy beam is applied to a target substance 
arranged in or introduced into a decompressed vessel so that a plasma 
atmosphere is produced and the electromagnetic waves radiated by the 
plasma are utilized, wherein the target substance is particulates, and the 
arrangement includes a soft X-ray generating device in which the target 
substance in the form of particulate is supplied by a transport device 
working by the electrostatic action. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]In an electromagnetic wave generator using electromagnetic waves which irradiate with and plasma-ize 
an excitation energy beam to a target substance arranged or introduced in a decompressed container, and this 
plasma radiates, A soft-X-ray generator which these target substances are particles and is characterized by 
supplying this particle-like target substance by a conveying machine using an electrostatic operation. 
[Claim 2]A conveying machine using an electrostatic operation which supplies said target material has tubed 
shape, The electromagnetic wave generator according to claim 1 provided with a potential generator which is the 
structure around which at least three or more conductive wire rods coiled in accordance with a periphery of 
shape tubed [ this ], and can give potential which is respectively different in a wire rod of this conductivity. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the electromagnetic wave generator used for an extreme- 
ultraviolet-light reduced-projection-exposure device etc. 
[0002] 

[Description of the Prior Art]Now, in manufacture of an integrated circuit, the method of carrying out reduction 
projection and transferring the very detailed pattern formed on the mask by visible L'ght or ultraviolet radiation, 
on the silicon wafer which applied resist, is performed widely. However, in connection with the minuteness 
making of pattern size, the reduced projection exposure using ultraviolet radiation is also approaching the 
diffraction limit, The reduced projection exposure (it is henceforth described as EUV lithography) using the 
wavelength of 13 nm or the 1 1-nm extreme ultraviolet (Extreme Ultra Violet) light (it is henceforth described as 
EUV light or soft X ray) whose wavelength is still shorter than ultraviolet radiation is proposed. 
[0003]When using the wavelength of 13 nm, or 1 1-nm EUV light, the laser plasma light source (it is described as 
LPS after Laser Plasma Source) is thought as one candidate of the light source. If the pulse emitted light from a 
laser beam generator is condensed, a substance is irradiated and the irradiation intensity will become beyond a 

10 W/cm grade, by the powerful electric field, the atom of a substance will be stripped off, and will plasma-ize 
an electron, and electromagnetic waves will be radiated from the plasma. The luminosity of the electromagnetic 
waves radiated from this plasma is dramatically high, and the electromagnetic waves of big light volume can be 
acquired by generating plasma in high repeat frequency. It is possible to generate EUV light with high conversion 
efficiency in such a light source, and it is dramatically compact compared with the synchrotron radiation 
generating institution etc. which can moreover obtain the EUV light of large light volume in a similar manner. 
Therefore, LPS begins EUV lithography and is dramatically promising as light sources, such as an X-ray 
microscope and an analysis apparatus. 

[0004]When using LPS for EUV lithography, the amount of EUV light obtained from a light source is important. 
Since EUV light is strongly absorbed to all the substances, a usual lens or reflector cannot be used. Therefore, 
in order to obtain high reflectance, an optical system is constituted from soft-X-ray reduced projection 
exposure by the reflector in which the multilayer film was formed to the reflector. 1 he reflected wave length of 
the combination of a substance and a multilayer film who constitutes this multilayer film is closely related, and 
with the Mo/Si multilayer film, near the wavelength of 13 nm, and with a Mo/Be multilayer film, since high 
reflectance is obtained near 1 1 nm, such wavelength is mentioned to the candidate as wavelength used for soft- 
X-ray reduced projection exposure. However, about 70% is a limit also in the reflector in which the reflectance 
obtained to soft X ray formed these multilayer films. 

If it assumes that the reflector of about ten sheets is used for reduced projection exposure, the transmissivity 
(reflectance) of the whole optical system will become very low with several percent. 

Therefore, in order to obtain processing speed (throughput) sufficient as a lithography device, it is desired for 
the light volume of the soft X ray generated from a light source to be large as much as possible. Near the 
wavelength of 13 nm, when tin (Sn) is targeted, a 2% (/2.5%BW/2pisr) grade, When the cluster which made xenon 
(Xe) gas blow off at a supersonic speed, and formed it into the vacuum is targeted, the conversion efficiency 
about 0.6% (/2.5%BW/2pisr) is reported. 

[0005]In using LPS, being stabilized for a long time, generating of scattering particles poses a big problem. This 
is because generating of scattering particles brings about contamination of an optical system. When convergent 
radiotherapy of the laser beam is carried out to a solid target and plasma is generated, the substance dissolved 
or evaporated around plasma is blown away by explosive expansion of plasma, and serves as scattering particles. 
The gas solidified by a fluid and cooling as a means to reduce this scattering particle, Or the proposal which 
targets the cluster etc. which are formed by blowing off a gas at a supersonic speed in a vacuum chain bar is 
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made (JP,2-43319,B, U.S. Pat.5577092). On the other hand, with a solid target, in order that energy may escape 
around by heat conduction, the conversion efficiency to electromagnetic waves falls and, as for heating 
efficiency ****** of plasma, the substance of the circumference heated and fused by heat conduction serves as 
scattering particles further, but. The proposal of stopping heat conduction and the amount of substance to fuse 
is also made by making a target into a thin film or particles. 
[0006] 

[Problem(s) to be Solved by the Invention]As already stated, in order that conversion efficiency may realize LPS 
with few scattering particles highly, various proposals as shape of a target material and a feeding method for the 
same are made. However, in only the conversion efficiency about the half of a solid target being reported by 
wavelength the field of 13 nm at present when a gas cluster is targeted, and generating plasma with high repeat 
frequency, exhaust air of the introduced gas also poses a big problem. If a filmy target is used, in respect of 
conversion efficiency, can realize a high thing, but. There is a problem that the target thin film which the yield of 
scattering particles has far exceeded the quantity permitted by EUV lithography still, and reaches for realizing 
prolonged continuous supply at several kilometers in length will be needed. Based on such the actual condition, 
gas is made to mix solid particulates, it carries to a plasma generation position, LPS used as a target is proposed 
(JP,1 0-221 499,A), and it is hoped that high conversion efficiency and small scattering particle weight may be 
able to be attained. Thus, when targeting solid particulates, a means to continue supplying particles to an 
excited-laser-light irradiation position continuously for a long time is needed. Therefore, continuous supply is 
realized by mixing solid particulates with a gas and blowing off from a nozzle. However, it is difficult to control 
the particle density in a gas correctly, and it also difficult to make high enough particle density in an excited- 
laser-light irradiation position. Since the introduced gas is extensive, exhaust air also has a possibility of 
becoming a problem. In the invention indicated by JP,1 0-221 499,A, these points pose a problem. Therefore, the 
method of supplying particles by sufficient density for an excited-laser-light irradiation position was desired. 
[0007] 

[Means for Solving the Problem]In an electromagnetic wave generator using electromagnetic waves which the 
first means for solving said technical problem irradiates with and plasma-izes an excitation energy beam to a 
target substance arranged or introduced in a decompressed container, and this plasma radiates, These target 
substances are particles and this particle-like target substance is the soft-X-ray generator (claim 1) currently 
supplying by a conveying machine using an electrostatic operation. 

[0008]Particles are made into target material in this means, since particles isolate and exist in space 
respectively, there is little energy loss at the time of plasma heating by heat conduction, and high conversion 
efficiency to soft X ray is acquired. Since a field which target material fused hardly exists, either, scattering 
particles are reduced. Since particle-like target material is supplied to an excited-laser-light irradiation position 
with a conveying machine using an electrostatic operation, By supply of target material, a pressure in a vacuum 
housing can hardly be influenced, but can make load to an exhaust system small compared with a case where 
particles are supplied with particle mixed gas. 

[0009]The second means for solving said technical problem has shape tubed in a conveying machine using an 
electrostatic operation which supplies said target material, It is the structure around which at least three or 
more conductive wire rods coiled in accordance with a periphery of shape tubed [ this ], and is the 
electromagnetic wave generator (claim 2) according to claim 1 provided with a potential generator which can give 
potential which is respectively different in a wire rod of this conductivity. 

[0010]In this means, since particles used as target material are supplied with a conveying machine which has 
tubed shape, it is stabilized in an excited-laser-light irradiation position, and target particles can be supplied by 
high density. The third means for solving said technical problem is the electromagnetic wave generator (claim 3) 
according to claim 1 or 2 having a means to make a gaseous flow produced inside [ which conveys particles used 
as target material ] said tubed conveying machine. 

[001 1]In this means, by forming a gaseous flow in an inside of a tubed particle conveying machine, particles can 
be conveyed more smoothly and, therefore, many particles can be supplied by a plasma production position. It 
also becomes possible to prevent particles dispersing. It comes out very only, and comes out enough, and, for a 
certain reason, quantity of a gas introduced here can fully be exhausted by an exhaust means, and does not 
affect exposure etc. 

[0012]The fourth means for solving said technical problem is an electromagnetic wave generator (claim 4) given 
in any 1 paragraph of claims 1 thru/or 3 provided with a mechanism in which particles which were not plasma- 
ized among particles supplied from a conveying machine using said electrostatic operation are collected. 
[0013]By collecting particles which were not used for plasma production of ****** supplied to a plasma 
production position in this means, it can prevent particles dispersing in a vacuum housing in which plasma is 
generated, and trouble can be prevented from arising in operation of a device etc. which have been arranged 
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around. Operation efficient as an electromagnetic wave generator is attained by using particles again as a target 
material. 

[0014]The fifth means for solving said technical problem is an electromagnetic wave generator (claim 5) given in 
any 1 paragraph of claims 1 thru/or 4, wherein said particle target material is a compound of metal or metal, 
such as an oxide. Target particles are used as a compound of metal or metal in this means. Since high 
conversion efficiency is acquired when it is considered as target material of LPS, metal can obtain big light 
volume by making metal or metallic-compounds particles into a target. 

[0015]The sixth means for solving said technical problem has ******** which stores said particle to supply, It is 
an electromagnetic wave generator (claim 6) given in any 1 paragraph of claims 1 thru/or 5 having a means to 
decrease the water of adsorption on the surface of a particle by heating particles of this particle ******. 
[0016]In this means, particles stored in particle ****** are heated, electrostatic conveying becomes easier than 
decreasing the water of adsorption on the surface of a particle, and sufficient particles can be supplied to a 
plasma generation position. As for cooking temperature, it is preferred that it is not less than 100 **, and its 
about 200-300 ** is preferred. 

[0017]An illumination-light study system which illuminates a mask using electromagnetic waves which the 
seventh means for solving said technical problem has an electromagnetic wave generator of a statement in any 1 
paragraph of claims 1 thru/or 6, and were ejected from the electromagnetic wave generator concerned, It is a 
semiconductor manufacturing device (claim 7) having a projection optical system which transfers a pattern 
provided on the mask concerned on an induction substrate. 

[0018]In this means, a semiconductor manufacturing device with high processing speed is realizable. The eighth 

means for solving said technical problem has the distance which transfers a pattern currently formed on a mask 

using the semiconductor manufacturing device according to claim 7 on an induction substrate applied to resist, 

and is a manufacturing method (claim 8) of a semiconductor device characterized by things. 

[0019]In this means, since more electromagnetic waves can be used for exposure, a semiconductor device can 

be manufactured efficiently. 

[0020] 

[Embodiment of the Invention]The lineblock diagram of the embodiment of the soft-X-ray generator in this 
invention is shown in drawing 1. These embodiments are EUV light occurrence parts of an illumination-light 
study system in an EUV lithography device. Helium (helium) gas is introduced into the inside of the vacuum 
housing 15 exhausted by even the pressure of 10 Pa or less with the exhaust (un-illustrating). The particles 1 
used as target material are stored in ******** 2, and the generated position of plasma is supplied by the two 
tubular conveying machines 3 and 5. Particles are particles of 10 micrometers in diameter tin oxide, and are 
conveyed to the entrance of the second tubular conveying machine 5 by the first conveying machine 3 whose 
path of the pipe to convey is 5 mm. It is spirally given so that wiring of six may not cross the wall of the pipe of 
the tubular conveying machine 3, respectively, and the surface is covered with the thin insulator layer. The 
interval with the next wiring is 10 micrometers, and is an interval suitable for conveying tin oxide particles 10 
micrometers in diameter. Since the tube diameter is large enough to 5 mm and the diameter of a particle, there 
is no possibility of getting a pipe blocked by particles, and a lot of particles can be conveyed smoothly. The 
second tubular conveying machine 5 has an exit of particles near the plasma production position, and has the 
structure where a tube diameter becomes small gradually toward an exit. The tube diameter in an exit is 100 
micrometers. In the second tubular conveying machine 5, gaseous helium dry in the pipe from the gas supply line 
14 is introduced, and gaseous helium is also blowing off with particles. Since the particles which jumped out of 
the exit of the conveying machine since the flow of gas was formed exercise in accordance with the flow of gas, 
they can stabilize the movement direction of particles compared with the case where there is no gas. in order 
[ which is not ] to make particles convey only by gas like a Prior art, it is not a thing to the extent that the flow 
of gas comes out enough, and there is by a flow indispensable to stabilize the movement direction of particles 
and an exhaust system is made to produce big load. In the plenum chamber 13 at the time of supplying particles 
to ******** 2, the water of adsorption on the surface of a particle can be decreased by heating with a heater, 
where an inside is exhausted. If the water of adsorption exists on the surface of particles, particles serve as a 
grain aggregate easily with the surface tension, and it is not suitable for performing electrostatic conveyance 
with a conveying machine, but will be suitable for conveyance by decreasing the water of adsorption. 
[0021]The pulse laser beam 7 which condensed with the lens 12 is irradiated through the laser light introducing 
windows 11 which gave the a nti reflection film by the particle group which jumped out of the exit of the tubular 
conveying machine 5, and the plasma 6 is generated. The EUV light near the wavelength of 13 nm is efficiently 
radiated by generating laser plasma by making tin oxide into target material. In the vacuum housing, the 
paraboloid-of-revolution mirror 10 which has a focus in a plasma production position is arranged, and the Mo/Si 
multilayer film is formed so that EUV light with a wavelength of 13 nm may be efficiently reflected in the surface. 
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It reflects in the paraboloid-of-revolution mirror 10, EUV light with a wavelength of 13 nm emitted from the 
plasma 6 forms the EUV parallel pencil 9, and this EUV parallel pencil 9 is used for the lighting of a mask via an 
illumination-light study system. Around the plasma 6, the laminated scattering particle inhibition member 8 is 
arranged. This member 8 is arranged in the direction which includes the optical path which enters into the 
paraboloid-of-revolution mirror 10, and the reflected optical path in a field, as shown in drawing 4, and it hardly 
interrupts an EUV light bunch. However, scattering particles, such as ion by which it was generated by 
generation of the plasma 6, can prevent the scattering particle effectively by the scattering particle inhibition 
member 8, if that it is also small changes the direction of movement by the collision with a gaseous helium 
molecule. 

[0022]The particle recovery system 17 is arranged in the vacuum housing. In the surface of the recovery system 
17, wiring is made at intervals of 10 micrometers, and particles can be conveyed now by electrostatic 
conveyance. The particles 16 which fell on the recovery system 17 without being used for generation of plasma 
are conveyed, and it is collecting to ******** 18. The collected particles are again supplied to ******** and are 
used for generation of plasma. 

[0023]Drawing 2 and 3 are the figures showing the principle of above-mentioned electrostatic conveyance. This 
principle is F.M.Moesnerand T.Higuchi, Devices for Particle Handling by an ac Electric Field, Proc. 1995 IEEE 
Workshop on Micro. It is reported to Electro Mechanical Systems pp.66-71 (1995). If the volts alternating current 
of six phases is impressed to the electrode 20 arranged in the insulating layer 21 on the substrate 22 like 
drawing 2, it will use that the particles 19 drawn to the electrode by electrostatic operation move and go to the 
next electrode one after another by change of electrode voltage. A three phase circuit is actually possible for 
conveyance, and six phases can convey particles certainly and it is also known that the bearer rate of particles 
changes with the interval of an electrode, impressed electromotive force, the distance of an electrode and 
particles, the diameter of a particle, frequency, etc. It is known by giving the conductive small-gage wire 23 
which serves as an electrode like drawing 3 to the surroundings of the cylindrical member 24 that the particles 
1 9 in a pipe can be conveyed and particles of almost all substances, such as metal, glass, and polymers, can be 
conveyed. 

[0024]In this embodiment, although the section of the tubular portion of a particle conveying machine uses the 
circular thing, the shape may not be restricted to this and other shape, such as a rectangle, may be sufficient as 
it. In this embodiment, although target material is made into the particles of tin oxide, the construction material 
of target material is not restricted to this. The compound of metal tin, other metal, and metal may be sufficient. 
It is desirable for target material to change according to the wavelength of the target electromagnetic waves. 
For example, what is necessary is just to use the particles of organic matters, such as polystyrene, to generate 
EUV light with a wavelength of about 4.5 nm. 

[0025]In this embodiment, although the path of particles is 10 micrometers, the path of particles is not restricted 
to this. Using an about lOO-micrometer particle, convergent radiotherapy of the laser beam may be carried out 
to the single particles instead of a particle group, and reverse still smaller particles may be used. In order to 
convey those particles, it is necessary to optimize the interval of wiring of a conveying machine, etc. 
[0026]In this embodiment, in order to prevent scattering particles, gaseous helium was introduced and the 
scattering particle inhibition member is arranged, but when the influence of scattering particles does not pose a 
problem, it is not necessary to perform introduction of gas, and arrangement of a scattering particle inhibition 
member. The gas to introduce may not be restricted to helium and other gases, such as krypton, may be 
sufficient as it. The effect that the direction of a heavy gas molecule generally prevents scattering particles is 
large, and the effect of scattering particle inhibition is acquired by a lower pressure. It is necessary to merely 
pay attention to absorption with the gas of the EUV light used in the case of Perilla frutescens (L) Britton var. 
crispa (Thunb.) Decne. Although helium has an absorption index comparatively low in a large field in an EUV 
region, with other gases, absorption becomes large. Since it has the absorption end near the wavelength of 13.2 
nm, absorption is dramatically larger to the EUV light of short wavelength than to this, but since transmissivity 
comparable as helium near 14 nm is obtained, krypton is effective for reduction of scattering particles. 
[0027]In this embodiment, although the parallel pencil is formed in the paraboloid-of-revolution mirror, it may not 
restrict to this and some utilization objects may form a condensed light bunch and a sending light bunch in a 
spheroid mirror, a hyperboloid-of-revolution mirror, etc. Drawing 5 is a schematic diagram showing a 2nd 
embodiment of this invention. This embodiment constitutes an X ray reduction exposure device (semiconductor 
aligner) using the soft-X-ray generator (electromagnetic wave generator) shown in a 1st embodiment. About the 
portion explained by a 1st embodiment, explanation is omitted as the electromagnetic wave generator 500. 
[0028]The soft X ray (wavelength of 13 nm) ejected from the electromagnetic wave generator 500 enters into 
the illumination-light study system 507. An illuminated field is orthopedically operated circularly by the 
illumination-light study system 507, and the reflecting mask 508 in which the IC circuit pattern is formed is 
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illuminated. The projection optical system 510 contracts to one fourth, and image formation of the X-rays 
reflected with the reflecting mask 508 is carried out on the silicon wafer 51 1 in which resist was applied. At this 
time, the wafer 51 1 and the reflecting mask 508 are attached on the reflecting mask moving stage 513 and the 
wafer moving stage 514, respectively, and these stages can expose now the whole IC chip surface of 25x25 mm 
square with scanning synchronously. By this exposure device, it is 0.07 micrometer on resist. The IC pattern of 
last shipment can be exposed now. 

[0029] Hereafter, the example of the embodiment of the manufacturing method of the semiconductor device 
concerning this invention is explained. Drawing 6 is a flow chart which shows an example of the manufacturing 
method of the semiconductor device concerning this invention. The manufacturing process of this example 
includes each following main distance. 

(1) The mask manufacture process of manufacturing the mask used for the wafer manufacturing process (or 
wafer preliminary process for which wafer is prepared) (2) exposure which manufactures a wafer (or mask 
preliminary process for which a mask is prepared) 

(3) It starts at a time one chip formed on the wafer processing distance (4) wafer which performs processing 
treatment required for a wafer, and consists of sub distance of further some [ distance / of its ****** ] which is 
a chip inspection process which inspects the chip which was able to carry out the chip assembly process (5) you 
make it operation of attained. 

[0030]It is wafer processing distance like Shugyo who has decisive influence on the performance of the device 
of a semiconductor in like these Shugyo. In this distance, the designed circuit pattern is laminated one by one on 
a wafer, and many chips which operate as a memory or MPU are formed. This wafer processing distance includes 
each following process. 

(1) Thin-film-forming distance which forms the metal thin film etc. which form the dielectric membrane used as 
an insulating layer, a wiring section, or the polar zone (CVD, sputtering, etc. are used) 

(2) In order to process selectively an oxidation distance (3) thin film layer, a wafer substrate, etc. which oxidize 
this thin film layer and wafer substrate. Etching distance which processes a thin film layer and a substrate 
according to the pattern of the lithography distance (4) resist which forms the pattern of resist using a mask 
(reticle) (for example, dry etching technology is used) 

(5) Ion-impurities pouring diffusion distance (6) resist-removing distance (7) Wafer processing distance performs 
repeatedly only the required number of layers which is an inspection process which inspects the wafer 
processed further, and manufactures the semiconductor device which operates as a design. 
[0031]Drawing 7 is a flow chart which shows the lithography distance which makes the core of the wafer 
processing distance of drawing 6. This lithography distance includes each following process. 
(1) The resist by which exposure distance (3) exposure which exposes the resist application distance (2) resist 
which carries out the coat of the resist on the wafer in which the circuit pattern was formed in the distance of 
the whole page was carried out is developed. About the semiconductor device manufacturing process beyond 
the annealing distance for stabilizing the resist pattern by which development distance (4) development which 
obtains the pattern of resist was carried out, wafer processing distance, and lithography distance, it is a well- 
known thing and explanation beyond this will not be required. 

[0032]If the X-ray aligner concerning this invention is used for the exposure distance of (2) in the above- 
mentioned lithography distance, exposure transfer of a pattern with small line width can be performed. And since 
prolonged continuous running is possible for these X-ray aligners, according to the manufacturing method of the 
semiconductor device of this invention, a semiconductor device can be manufactured with the sufficient yield. 
[0033] 

[Effect of the Invention]As mentioned above, as explained, according to the electromagnetic wave generator in 
this invention, it becomes possible to continue supplying a particle target stably over a long time by sufficient 
density, and LPS which has high conversion efficiency, and few scattering particles can be realized. The 
semiconductor manufacturing device which has higher throughput can be obtained by using this electromagnetic 
wave generator for the light source of EUV aligner. Furthermore, the high manufacturing semiconductor 
integrated circuits using of throughput can be acquired with the manufacturing semiconductor integrated circuits 
using using this semiconductor manufacturing device. 
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S o 

[0 0 0 6] 

*-y-v h<t LfcJft^lcl*. sRS1 3 nm1S«-ei*ffl« 
©.tC^HttS-y-v h©¥#e«©*tfc3!l*L* x *H 

otitis *fc. ^x-7**L^ityigL«3e»-c 

£j$"f l= l*» A L fcfti*©^ft t * # fclWli <t & 
I* 4, (73 tfHWC #S#, m»!Hl^CDfe±SliE U V ') V 

PSA<«l6**lT*jy (»M¥1 0-22 1 499^ 

HSU— !f-3fellM«MI=* 
*0>tzSb. ■ftsMt¥tftitl=Sif'C<' X)\,frS>&£til 

l=iK<-rS*fcffl*t-e*So *fc, *A**tfcfttt:A<* 
ft-pfc-S fctf>$ft t BBi S> o !f#M¥1 0-2 

So cfcoT, Kktt^tBiEU— »f*J«»tt«l=+»<f* 

[0 0 0 7] 

[iS)@^«^1-Sfctf>ro¥lft] tfrE«H£#**Sfctf> 
*ifc«M»m=BiBi*^- t-A* BBS* LX^vX 



*ai ) T'fcSo 

[0 0 0 8] *^Klcfc^TI**ft^£lSI6W£ LXSS 
LTL^Sfcft. ««*t©ttl&lc«J:-3T:JlffiSSrt©E7] 

^■*tt#st - -&»-&i=it'<T*ft*'s<oft«f*'h* < -rs 

[0 0 0 9] HrE»«**»-r*fcA<D*=<D#«l*. 
A<«tt©«M*£* LTfcy, »Wtt©flStt©*1-Jai::}tto 

[0 0 10] *#Slcj3L^TI*. WWttirft'Sttfi^S 

««©j«a*«©rtfti=fti*:©a*is*i: 

tt&%££ft (»*«3) t?feSo 
[001 1] **«i=fiL^ri*. fStt(D«*i^-aftiMas 

(DWffllzfttt:«)jJSti^^iS-rSC<tlrJ:or. «S^<D 

=>: y # < <o»s j ? : &tt*&-r s c t So 

fft, CCt?3IA*HSfttt:<0il±^-r^-e?E»-r'S>S 
fc»»ft^S(c«fc o r^»l-Sf ft-f Set *<^H6"C fc 

[0012] «rE»H*»a-r*f=«>©ftrafl)#Ki*. 

1 ^lcEK<0«fiS;filE*Sa (M*fl4) "efcSo 
[0 0 13] ^^KlcfcLN-tli, ^^X^^fiEtiffilctt 

fcgS'i if rois^i-swA^ i: s ^ Rfijt-r s c t a< 

SCilCfeoT, ««afl8±*«i: L-C»*W«:aeA< 
RlSlir^So 

[0 0 14] iWE««*»»-r*fc«>©ft2L©*«l*« 
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1 W=E«©*«»flB£*« (lt*3S5) -C**. * 
*«lcfci*-CI4. *tt*tt*-**B**tM4*«©fc£ 
*JtLT^*. &JSI4 LPS Lfc»&l::ffi^ 
SE8«(l** t; »e>=h.*fc*>- $m&$lM4#JHb£ai*tt 

[ooi5] «rEii«*»ft-*"4fc»0>*rtfl>*«i*' 
aflwrowtt** an&r -s z t * y a*4T^s 

1 TbS 5 roi^-fftfr 1 JJll::E*t<a«85R*£811 
[0 0 16] *3Mftl::;fcl'>-CI4> tttt^artSBI^WK* 

v*4€i»-«l6-r-6-i:A<-e#-S. JMMUB41 0 0 

■cia±-e**»!6<»* l < * 200-30 otsstftf 
[0017] tt]&m&&Mik+Z>tztb<r>m-t<D3-mt. 

[0 0 1 8] #^Iftlcfcl^-CI4» SBSiSSroSt^aH* 

f=»©*A©*Hi*. i»#a7i=E«©*siM*«ia«ii 

8) 

[0019] #*«ici3i*-ci*, *y 

[0 0 2 0] 

St«©MS»«©*i«B*«*". EUV'J 
V^77-f ««|C j3l+*B>W***© E U V*#g£SP# 
CFH*) l=<feoT1 OPaJaTOflE 

rogA< 5 mmCDSS-tOfiKiiiigS 3 l=«fe o X 
^S«5<DAyP*1?«ffil*H«. , S«ttJiil«S3<7>'g 



£„ R<7)E*£i:©l!fl|Sftl41 O/imtfcy, fiS 1 0 « m 

tl*4. uip-e©«gi*i oodmt'fe*. SB-roftt 

asE«<35UiPA^e.fi»t;aiLfcat!i ; F-ii**x©354ticjao 
■ca«i-r*fc«>. n^omi^^tt^-xmu^omwi 

(lifr-TSWttfr £ Ht3S * «fL*fc*K #X<D3iE*l4«tt 

ttftt^. iMft*»2i=«tt**ttiM-*i»«>ffi*i 3-c 
i*, Lfcttn-c t-* i= * y an&f a c 1 1= 

[00 2 1] gttJRiHga5CDtlia^'b3IU : aJLfc18l!*S 
LTU _+P_^^Xv£±fi£-r-i)Ci:lCcfe-3rjKSl 3 

nmtti6©EUV#*<»*«fc<*M***t*o KSSSW 
|CI4, ^9XT±j«tt«lc«ljSt*-r*iaiE«*BB«l 
0A<Ea**l-Cfcy, -t<Daffil=(4»* 1 3nm<DEU 
V**»**<R*fr*J:3l=Mo/S i ^MK^Ult 
^tl/Cl^o Zf3X~? 6 A^iifS LfcjfiS 1 3 n m(J) E U 
V*(4Hl(Stt*a«1 O-eSltLTEU V¥ff3t^9£ 

^<0iBWI=*i]ffl**l-6o ^7X-7 6(7))lffllCl4»ffi«a) 
atttt^EiLSPttStfEHSfiTl^. C<0gB«8l41l 
4l=*f*5l=IHl<i**liill OlcA«fT-i>p , £K<!:SS* 
Lfc*K£Brtl~^J=3^73(Sll=Eia$HTfcy. E 
U V5tm^l5<^:^<!:K•2>Ctl44-^» l^* N ^Xv 

r»*«n=lBih-r*ci:36«-e#*. 

[0 0 2 2] JtfflMrtl=l*«tt^-E14l«« 1 7 

A<ES*^.-Cl' N 'S= 0*1S«1 7©aS5lcl41 0//mW 

M-eE«3ii<a:**ir*sy. »«*an=<fcy*fi^*«3i 
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[0023] b 2, 3(i±jSa>»«i»aia)Bia**t-H 

■e*4o ^COl^SI*. F.M.Moesnerand T.Higuchi, Devi 
ces for Particle Handling by an ac Electric Field, 
Proc. 1995 IEEE Workshop on Micro Electro Mechani 
cal Systems pp. 66-71 (1995) fc«fe**fC 1*4 • B2 

<D&o\^&fa2 2±<a*fcgtS2 1 o)*\zm.w.£Mcmm 
2oiz6«co3t»«ffitEPai-r*t. 

(7>r*fc^o w»ici*3«-etp«au»wifc-e***«. 6 a 

b 3 <7> j: o iznmttezmm&omm 2 3 2 
4«>«yiciKf ctic*y»©+«)«ii*i 9*»it? 

[0 0 2 4] *Slffi^8llcfcl^r(i. Wfi^aft&gStf) 
*B«-\*f6fl>ML «^kdl-ctfi^o * 

C£A<H*Ll\, 2ft«4. 5nm*§gtf)EUV 

[0 0 2 5] *»fefl£ttlCfcl\TM\ «tt^(DS* 1 O 
I*. 1OO/imW0)«t«fl!t^ Utt^WCtttt 

[0026] ;**te^siicifci*Tii. jm»ttT-*ifijh-r 

14, rfX<D»At*lktt*Bit»*ta)B«f*fT*3<P<-C 

»#^(D*3(j<fiii»tt^*iBJt-r*a*i***<* *y« 

^S3b<fc*o ^ 'J O Ali e u vWltttt^fWettlt 

6i.^'J?h>l*Stt13. 2nm#5filC*iR«l** 



[0027] **«g»«ictei^r(*. mstt*!iffil*i-«fc 

[0 0 2 8] ««JK*^K«5 0 0^t>»tbLfc«:XjS 
(S»13rm) l*BWSfe*»507lcAlfr*. BW***5 
07»c*yBW«W*H««r=»»L, IC0»/^-l/*< 

08-e L fc X «(i»|g%¥;ft51 Oic cfc y 1 /4(c»/Jx * 
*U UvX MMWSStifcS'y =J>^x7\-51U:lzfg 
«£ft£o ^<D<fc** ^? x/\-511<tJ£S*vX ^50814*- 

tt-PttJSW^x^^Kix^-yBia, ox/\-g»xf 

— i/514±lz»yf*(t&*i. CtLfeXx— 5?I*BJKLT 

-e^&^i^&oTi^o co)ll*Jt«ic<fcy. bvx 

h ± T*0. 07 /i m L/S05 I <M * — > # £ * 5 1 C ft 
[0 0 2 9] £LT. **W(C««*3H*-T/<-f X<D»Jft 

(1) 0x/\£g(£r4^x/\g{iftx*I (XI*^x/\$ 

(2) BftrcttjH-rft-ex^taft-rt^x^ttixa 

(3) ^x/Mc^KftanxfflaS-fro^x/x^p-tr^i/ 

(4) ^x/xiic^nestLfc^^^s-ni^wytH 

(5) t?*fcfv?SMt4ff?«tx8 

ftfe\ tn«i ? **ia>fTai**&i-»^^*^a* x & 

[0 0 3 0] Z*L*><D±ftm<D + T** ¥&&<Dt'UX 

©tt»=»36Mftie»«3t«-r£fTa^x/\^p-b^ 

Ox/N±lcjl||*«« U **= l ) #mit LTlMt 
frHI4&T<D#xH£^t;o 
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(2) c(D?»HJi^^x/\ai«sitft'r*ii^bfi i a 

(4) ui^x h<7)/^*->lctSor»fltJB^at«*APX 

(5) -f*>-^tt*aA4t*fTa 

(6) UyXh*|«fT8 

(7) *6(cjiiDx**itc^x/\*tt*-r*«*xa 

[003 1] |g|7l£. [giecO^x/x^P-tr y v>^tT*I 

(1) ±SCDfira-eBIB^5i->3&^a**tfc^x/\± 
[CUvX h*=i— h-T^bvX hMifrB 

(2) L/i?X h ***frB 

(3) WtitifcU^ ht«*LTl/^ 
:/*»*»»fTB 

(4) 8l«**ifcU5;xh/^->ftSe5Eft*1*4fc* 
(D7-- JMtS 

J^±0)¥»#-r/^-fX|i*xB, -jx/xjp-b^i/^ 
ffB, 'J frBrco^TI*, JB*na>fc<Z>T-& 

[003 2] ±IB'J vy^^-T— trB©*© (2) COS 
T. z*i6xBB*lS«f4. *BWia)3«»«BaB«RrB-C 

•5 o 

[0 0 3 3] 

UMBO*!)*] 8Lh, KHLfcJ:3i::. **BJ|cfclt^ 
KT»«B»IWi::sbfcoTSej£sr=«tt Lttlt* C 

* y . < , miiw**^ lps sxa 



[Hi] lis *S6W«>IH6»®<0««**-rB!-e**o 

[H2] tt, ft*rasaa>jK9£a*rn-efc«. 
[S3] ii, *tt(D»*»2i««a)««*^-r0-cft 

[H4] ii, sitj,si^Ri±a5«<DM«<teBS**-rii-cf 

[05] *H6M(0!R2©3ll6»!8«*-rx*|g'h»3tS 
aa>«EBg0-e&-£o 

[0 6] *fglim::«£X*iSftga£#lfflLfc¥#tt^ 
/ W X C7)gj&^5S * 0 TJ fe * o 

[07] i) v7z>7 <<-inm<om.¥:$:7K- ! tmT'&z>o 

1 attrontt 

2 ttfe^ii 

3 mWM.ftl-W.&giE. i 

4 #xa*aa 

5 s^at^-Mgi 2 

6 ^7X7 

7 /<JU*U— tC— 3t 

s jMfcftT-iiiitffitt 
9 EuvftTJtsfi; 
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